The electron energy band alignment of a metal-oxide-semiconductor tunnel field-effect transistor 12 heterojunction, W/Al 2 O 3 /InGaAs/InAs/InP, is determined by internal photoemission spectroscopy. 13 At the oxide flat-band condition, the barrier height from the top of the InGaAs/InAs valence band 14 and the top of the InP valence band to the bottom of the Al 2 O 3 conduction band is determined to be 15 3.5 and 2.8 eV, respectively. The sample structure and the setup of the IPE measure-38 ment are shown schematically in Fig. 1 Electronic mail: nhan.nguyen@nist.gov.
The tunneling field-effect transistor (TFET) has been 21 attracting increasing attention due to its potential to reduce 22 power dissipation in integrated circuits by lowering supply 23 voltage.
1 For III-V semiconductor TFETs, both simulations 2-7 24 and experiments [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] have shown that on-state currents exceed 25 what is possible in Si TFETs. It is important in III-V hetero-26 junction TFET design to have reliable knowledge of the band 27 alignments and flat band voltages, which determine the on-28 state current and threshold voltage. Internal photoemission 29 (IPE) has been shown as an excellent technique to character-30 ize the band alignment of simple metal/oxide/bulk-semicon-31 ductor structures. [18] [19] [20] [21] In this letter, we report the use of IPE 32 to determine the alignment of multiple bands at buried interfa-33 ces in a complex metal/oxide/semiconductor-heterojunction. 34 In particular, a complex n-type TFET structure of W/Al 2 O 3 / 35 InGaAs/InAs/InP is characterized by IPE, and the flat-band 36 voltage and barrier offsets are extracted. 37 The sample structure and the setup of the IPE measure-38 ment are shown schematically in Fig. 1 InGaAs is more than 30Â lower than that in the valence 107 band (see Table I ), the electron density in the conduction Fig. 2(d) . The above two thresholds are 144 absent when the metal is negatively biased (dashed curve). 145 The enhanced broad feature observed at $3.3 eV is due to 146 the strong absorption of W at that photon energy. Fig. 2(d) is Yield 1/2 that was taken at À2.5 V bias.
165
The electron energy band diagram of the metal-oxide-166 semiconductor heterojunction was simulated using the 1-D 167 Poisson solver, Bandprof. 25 The parameters used in the sim-168 ulation are listed in . 173 The band diagram at the flat-band condition is shown in 
